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President-JOHN GILLIES, C.V.O., M.C., M.R.C.P.Ed., F.R.C.S.Ed., F.F.A. R.C.S. [March 7, 1952] THE PRESENT POSITION OF ANtESTHESIA FOR NEUROSURGERY Dr. A. R. Hunter (Royal Infirmary, Manchester): The Theoretical Basis of Neurosurgical Anaesthesia. There is a belief in some quarters that anesthesia for neurosurgical operations involves merely patience and the use of non-toxic agents. While this is possibly true of a small number of procedures, particularly of the extracranial type, it is equally true that in every neurosurgical clinic operations are begun which cannot be completed for reasons directly traceable to the activities of the anaesthetist and that the number of such cases varies inversely with his skill. It is also true that during certain types of operation there appear warning signs of impending danger which only the anesthetist can detect. If he fails to make the necessary observations or to interpret them aright it may well be that an operation, which from the surgeon's point of view was technically perfect, results in the death of the patient in the post-operative period as a consequence of a disturbance whose early signs were apparent during the operation. The responsibility of the neurosurgical anesthetist is thus far heavier than that of his colleagues in other fields. Not only must he find anesthetic methods which are safe and satisfactory when used over long periods and when the explosion risk is present, he must also be certain that he does nothing which will in any way hamper the surgeon, e.g. by increasing the bulk of the brain or the intracranial venous pressure. Finally he must be prepared to make appropriate observations of changes in the vital functions and to interpret them in terms of the effect of the anesthetic, of blood loss or of damage to the brain, brought about by the disease, the investigations which have been used to elucidate it, or the manipulations of the surgeon. Anaesthesia and the Intracranial Pressure The physiological and pharmacological problems associated with prolonged anaesthesia with nonexplosive agents have by now been satisfactorily solved and, in fact, are of comparatively little importance in relation to neurosurgical aneesthesia. The basic consideration in such cases is the effect of the method employed on the intracranial tension. White and others (1942) measured in the experimental animal the effect of various factors on the brain bulk and found that the type of anxsthetic agent was of relatively minor significance. By far the greatest changes were those caused by oxygen lack or carbon dioxide retention. Every possible step should therefore be taken to avoid these complications both in the induction period and during the maintenance of the anesthetic, since the disturbance of brain volume caused by even very short periods of anoxia or carbon dioxide accumulation persists for at least half an hour afterwards, and may last for the entire duration of the operation. Smooth induction of anaesthesia without spasms of coughing is thus absolutely essential, and intubation should be carried out either with the aid of topical anesthesia or of a relaxant. If this latter type of drug is used an early return of normal breathing should be aimed at. Further, the greatest care should be taken to produce artificial ventilation at least equal to the expected spontaneous respiratory excursion as long as the paralysing effect of the drug is present.
Special precautions to prevent anoxia and carbon dioxide accumulation are equally necessary during the maintenance of anasthesia. Again spasms of breath-holding, coughing or bucking on the endotracheal tube must be prevented at all costs. Further, as Molyneux and Pask (1951) have pointed out, unless very large flows are used some degree of rebreathing and therefore carbon dioxide accumulation is very likely with the ordinary Boyle's apparatus. It is thus well worth while using a non-return valve in the hose, if one of a pattern which does not load respiration is available and the machine will deliver an appropriately large gas-flow of known composition. Anesthesia and the Venous Pressure Control of the intracranial venous pressure is another matter of major importance during neurosurgical operations. The veins of the brain are exceedingly thin-walled, as they derive much of their support from the water-bed of the cerebrospinal fluid contained within the rigid skull. After this support has been withdrawn by craniotomy they become particularly vulnerable to rupture by surges of pressure within them. Once again, therefore, it is necessary to take special care that the intracranial tension is not suddenly raised during the operation by a spasm of coughing. Even in the absence of frank coughing, some patients have, as Brennan (1938) has pointed out, a type of breathing in which expiration is forced and is associated with a sharp contraction of the flat muscles of the abdomen. In such cases not only is the general level of venous pressure high but each expiration causes a temporary further increase. This high pressure inevitably leads to increased bleeding in the operation site. Further, it makes it doubly likely that if by some mischance the patient does cough, one of the cerebral veins will be ruptured. If this should happen in the brain-stem the accident will almost certainly have a fatal outcome. The remedy for this trouble is adequate topical anasthesia of the trachea, the use of an endotracheal tube which passes in adults no more than two inches beyond the vocal cords and whose end is thus unlikely to impinge on the very sensitive carina, together with a depth of general antesthesia sufficient to extinguish what is left of the patient's cough reflex. The Sitting Position For many neurosurgical operations the sitting position is preferred by the surgeon and in such cases the pressure in the intracranial veins may be subatmospheric throughout the entire operation. Veins which are opened will therefore not bleed and their presence may go altogether unobserved until signs of air embolism make their unwelcome appearance. The vessels from which this danger is most likely to arise are those of the suboccipital venous plexus and the mastoid emissaries; a small tear in the lateral sinus produced during the bone removal is another likely source of trouble. There are three ways in which the antesthetist can help to avoid such accidents, which are by no means always fatal. First, smooth anesthesia and avoidance of over-breathing or coughing should prevent any serious intake of air. Secondly, while this danger is present he can ensure that any open vein is found early, by compressing the jugular veins in the neck at regular intervals. Lastly, he should regard any unexplained change in blood pressure and pulse-rate occurring in a patient in the sitting position as a warning that a small embolism has already occurred, until the converse is proved by the absence of venous bleeding on jugular compression.
The sitting position brings with it other dangers besides air embolism. As would be expected some degree of vasomotor instability develops but on the whole actual fall in blood pressure is surprisingly rare once the circulation has become stabilized. Hypotension may, however, develop particularly in patients with serious lesions in the posterior fossa, during the first half-hour or so after they have been sat up. In a few cases only laying the patient down will restore the circulatory stability but usually the intravenous injection of a small dose of a vasopressor will serve to stabilise matters. Not only so, once stability has been attained patients will withstand depressor influences remarkably well. Tolerance to blood loss will be almost as great as in the horizontal position and the fall in blood pressure which is produced by dissecting the lower pole of an acoustic neuroma from the vagal rootlets will right itself spontaneously.
Patients in the sitting position, on the other hand, are very sensitive ta the depressor action of drugs. The dangers of hexamethonium in such cases are self-evident but it is less well known that pethidine has a profound depressor effect on those in the erect position and a colleague had a very serious, though not fatal, accident traceable to its use. Small doses of the ultra-short-acting barbiturates can be used to supplement nitrous oxide and oxygen in patients in the sitting position but the amounts injected must not exceed 3 c.c. of 5% thiopentone, and they must be injected slowly if accidents are to be avoided. Even with care there will very occasionally occur a fall in blood pressure. Fortunately this hypotension is also amenable to treatment with a vasopressor.
The Prone Position
The prone posture used for laminectomy and some types of sub-occipital approach to the cerebellum brings with it a group of special problems. The necessity for raising the shoulders on rests or sandbags and of allowing the abdomen freedom to expand in inspiration is well known. It is, however, far from well known that any form of pressure on the anterior abdominal wall, such as may be employed to undo the lumbar lordosis to facilitate access to a prolapsed intervertebral disc, will compress the inferior vena cava against the bodies of the lumbar vertebrn which at this level project far forwards into the abdominal cavity. Pressure on the lower chest will have the same effect. After the caval circulation has been cut off for some time there will appear a steadily increasing pulse-rate and a falling blood pressure which will disappear if the anesthesia is lightened sufficiently to allow return of the tone of the muscles of the abdominal wall (Hunter, 1950) . At this level of anesthesia, however, the patient will always react to the handling of posterior roots. It is therefore important that it should be realized that any improvement in access to the lumbar spine which is attained by mid-line pressure on the anterior abdominal wall is obtained at the expense of quite a serious circulatory upset. Further, since the vertebral extradural venous plexus forms a large part of the anastomotic circulation for an obstructed vena cava, the apparent improvement in access will be obtained only at the expense of a great increase in the bleeding in the operation field.
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Disturbances of Vital Functions
Though it is generally known that morphine should not be used as premedication in neurosurgical cases it has not been sufficiently emphasized that all anasthetic agents are potential inhibitors of breathing in those whose intracranial pressure is very high. Indeed in one patient with an extradural posterior fossa clot who had just been resuscitated from apncea by ventricular tap, the addition to the oxygen which was being given, of some 600% nitrous oxide, to control restlessness, was followed by respiratory failure. This patient's story has been reported in detail by Jefferson and Johnson (1950) . It is probable that the apncea which is liable to develop when unnecessarily deep anaesthesia is used in those with tumours affecting the centres controlling respiration, has a similar origin, though Brennan (1938) has suggested that the rise in intracranial pressure which occurs when ether is added to nitrous oxide and oxygen is also of importance in this respect. The main point which emerges from this is, however, the necessity for using the lightest possible anasthesia which will be safe in patients with high intracranial pressures. It is also important to note that nitrous oxide, oxygen and ether anesthesia is not so innocuous as Harvey Cushing found open ether to be.
In addition to his duties of providing unconsciousness for the patient, immobility for the surgeon and an adequate amount of fluid replacement, the neurosurgical anesthetist must be prepared to give the surgeon sufficient warning of the development of any major upset of the vital functions of neurological origin. For ordinary working purposes the vital centres of clinical importance are those in the floor of the third ventricle and hypothalamus and those in the floor of the fourth ventricle in the dorsal portion of the pons and medulla oblongata. The hypothalamic centres may be damaged in the course of the removal of the pituitary tumours, Rathke cysts, and suprasellar and olfactory groove meningiomas and the usual sign that all is not well is a fall in blood pressure (Fig. 1 ). 
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If this is evanescent or ceases immediately when the surgeon desists from the operation there is some chance that recovery may take place. If, however, the hypotension is severe or prolonged, or if, after recovery the pulse and respiratory rate start to rise (Fig. 2) , the outlook is wellnigh hopeless and the patient will almost certainly fail to recover consciousness and die in hyperpyrexia shortly afterwards.
Since a proportion of these disturbances are reversible if they are detected early, it is of extreme importance that the surgeon should at once be notified of any unexplained decline in blood pressure which occurs during any operation in the neighbourhood of the hypothalamus.
The second syndrome of danger during neurosurgical operations signifies encroachment on the vital centres in the floor of the fourth ventricle. It may arise as the direct result of an attempt to remove a tumour which has already invaded these areas of the brain or it may appear because the manipulations of the surgeon are producing rotation of the brain-stem and thus a temporary mild asphyxia of it. The only constant element in this syndrome is a bradycardia. If the cause is a lesion of the vital centres or their immediate neighbourhood bradypncea or even apncea will often occur ( Fig. 3 ). If the cause is rotation of a normal brain-stem some rise in blood pressure is a more likely accompaniment (Fig. 4) , but the classical syndrome of hypertension, bradycardia and bradypnoea described by Cushing as response to medullary coning is almost unknown on the neurosurgical operating table. It can, however, develop in the post-operative period in patients with a rapidly rising pressure in the posterior cranial fossa. Another variant of this syndrome has been seen in patients in whom subarachnoid bleeding has occurred during the anesthesia. In them hypertension without bradycardia or bradypnoea may occur.
The third and by far the commonest disturbance of the vital centres to appear in neurosurgical patients is a rising pulse-rate and, apart from the tachycardia of children who have bled unduly, this sign means a rise in the intracranial pressure. It appears most commonly of all in the patient with a cerebellar tumour but it can also be produced by any lesion obstructing the cerebrospinal fluid pathways, no matter at what level. Thus it can be seen in cases of stricture of the iter of Sylvius and in obstructive lesions of the third ventricle. It also develops when a rapidly increasing intracranial pressure in one supratentorial compartment thrusts the tip of the temporal lobe through the incisura tentorii, though the exact mechanism of production of the tachycardia in such cases is not quite clear. Whatever the cause of the tachycardia its significance is always the same, namely an excessive intracranial pressure, and the remedy is to lower this pressure by tapping the lateral ventricle. In the patient with a supratentorial lesion it is usually desirable to proceed at once with an operation to lower the intracranial pressure more permanently and if the patient will tolerate it local anesthesia should be used alone. Indeed one need have little hesitation in inflicting what appears at the time to be quite a lot of pain on such patients as they wi'l most certainly have a memory blank extending for some time after the episode of compression. It is mainly with tachycardia developing in patients with cerebellar tumours that the anasthetist is concerned. The first point to be noted is that in patients with lesions of this kind the induction of ordinary semi-closed anesthesia is associated with a rise in intracranial tension (Fig. 5 ). If the result is tachycardia of 140 per minute or more in an adult or 160 or more in a child the surgeon should be asked to tap the ventricle as a first stage in the operation. If the patient has had an air ventriculogram immediately before the operation it is much wiser to assume that the intracranial pressure already approximates to dangerous levels and the pulse-rate will often indicate that this is so. In such cases it is most desirable that the ventricular tap should precede the induction of anesthesia. Further, it should not be assumed that because this has been done the intraventricular pressure will remain at safe levels for the rest of the operation. Indeed it is far more likely that it will build up rapidly again and that the pulse-rate will indicate very shortly after induction that ventricular tap is again necessary and it may be necessary again before the operation has reached the stage at which the obstruction to the cerebrospinal fluid flow is relieved. I should like to acknowledge the help and encouragement which I constantly receive in this sphere of my work from Sir Geoffrey Jefferson and the other members of the neurosurgical team in Manchester.
Dr. A. J. H. Hewer (Middlesex Hospital, London): The Practical Aspects of Neurosurgical Anacsthesia.
To illustrate the practical aspects of the points which Dr. Hunter has dealt with I have chosen five main headings, the first three of which are very closely connected.
I. The vascularity of the scalp and brain. II. The susceptibility of damaged vital centres to anoxia and CO2 excess. Ill. The possible danger of disturbance of the intracranial dynamic equilibrium resulting from the anesthetic or from opening the dura when the intracranial tension is raised. IV. The danger of direct or indirect surgical trauma to the vital centres, especially during the removal of large intracranial tumours. V. The possibility of intracranial hemorrhage occurring after the bone flap has been replaced, and the importance of diagnosing this complication before the patient leaves the operating theatre. Every one of these points is important, and each is to some extent under the control of the anesthetist.
I. Vascularity of the Scalp and Brain
The normal vascularity of the scalp may be exaggerated by factors which cause an increased intracranial tension and thereby an obstruction to the venous exit at the base of the skull. It is seldom more than a nuisance, however, and can be controlled by hemostatic clips. Vascularity of the brain is not so simple to deal with, since the cerebral vessels cannot always be clamped off without running the risk of ischemia to some vital part of the brain. Any measure, therefore, which will help to reduce the venous pressure within the skull and simultaneously the intracranial tension, is of vital importance as it may decide the operability of the case. Although arterial bleeding is also important, it is usually the venous bleeding which is most troublesome, since it produces a generalized ooze which is very difficult to stop. If we are dealing with a hxmangioma or an aneurysm then the arterial pressure becomes more important. Since the advent of the hexamethonium compounds we have become more aware of the importance of posture in relieving, venous congestion; and, it seems often to be the posture more than the C6 which is instrumental in producing a quiet operating field. Whenever possible, therefore, we should employ the aid of gravity by having the operation site higher than the rest of the body.
Besides mechanical obstruction and bad posture, a potent cause of venous congestion is respiratory back-pressure, produced by an overloaded expiratory valve or by any resistance in the anaesthetic circuit, or, as is most likely to happen during the induction of anesthesia, by coughing and straining. Once the pressure inside the skull has been raised, the brain can act as a kind of ball-valve, pressing down on the jugular bulb and maintaining the congestion until active measures, such as ventricular tapping, are taken to relieve the vicious circle. This is well illustrated where the patient has a ventriculostomy, thin polythene tubes being inserted into one or both lateral ventricles to allow C.S.F. to drain into a sealed flask. Any rise in intracranial tension will increase the rate of drainage from the ventricles.
Continuous lumbar puncture pressure readings taken during the anmesthesia are most helpful as an index of any change in equilibrium. When the anxsthetic becomes too light or if the patient begins to strain, there is an immediate and often dramatic rise in the L.P. pressure. The reason for this is twofold: First, there is an immediate rise due to the intra-abdominal pressure created by the use of the abdominal muscles in expiration. This pressure is transmitted from the inferior vena cava via the lumbar veins to the veins of the peridural plexus. These become engorged, and so increase the pressure within the vertebral canal.
Second, then follows a secondary and slower rise due to the venous back-pressure which is transmitted from the mediastinum via the jugulars to the brain, and so to the lumbar cerebrospinal fluid.
II. Anoxia and C02 Excess
These will produce the same effect in the brain and in the spine by dilating the capillaries, paralysing the smooth muscle of the veins and causing myocardial asphyxia. This is the picture of congestive failure, and it may lead to a vicious circle by starving an already overtaxed and tired respiratory centre together with other vital centres. If these centres are the victims of disease or of mechanical pressure, they will be unusually susceptible to anoxia. We must adopt, therefore, some reasonably certain method of inducing anesthesia and of intubating without coughing or straining.
The first essential is adequate premedication. Since the usual drugs like the opiates, pethidine, hyoscine hydrobromide and the long-acting barbiturates are also respiratory depressants, in cases of high intracranial tension they may lead to complications resulting from the hypersensitivity of the disorganized vital centres. Even where the C.S.F. pressure is normal, there is a case against long-acting central nervous depressants, because it is a great help if the patient regains consciousness on the table at the end of the operation. We can then accurately assess the condition of his higher centres and can observe his progress, eliminating the possibility of post-operative hematoma formation, which would probably manifest itself by increasing hemiplegia or loss of consciousness and which would have to be dealt with on the spot by reopening the bone flap and excavating the clot. Should thepatient fail to recover at the expected rate, it is easier for the anisthetist to say: "This patient should now be conscious, his coma is not due to the anwsthetic." The uncertainty of action of many drugs used as premedicants does not always make this possible, and they are best avoided.
However, a heavy premedication is by no means absolutely essential for a smooth induction.
Much can be done with sensible patients by pre-operative reassurance and explanation by the anesthetist. When he comes to the theatre the patient should feel he has a friend in court. There is a great need for more of this pre-operative psychotherapy or "pep-talk", as it can have a profound effect on a patient's behaviour under anaesthesia, even though he be deeply unconscious.
For induction we have a choice of methods:
(a) A long and gradual induction with say, thiopentone, nitrous oxide, oxygen and either trichlorethylene or chloroform. I would suggest the avoidance of ether whenever possible, since it produces quite a marked cerebral vasodilatation. Aneesthesia can be reinforced with careful cocainization of the throat and larynx under direct laryngoscopy when the patient is deep enough, and this followed by intubation. This is the orthodox, and probably the safest method.
(b) Recently the use of thiopentone combined with a shortor ultra-short-acting muscle relaxant has become common. To my mind this method is one of the most reliable in experienced hands, provided a big enough dose of each agent is used. It is better in this method to err on the side of overdosage rather than of underdosage, and I find Flaxedil to be better than the ultra-short-acting muscle relaxants since it also partly blocks the vagal nerve supply from the trachea and lessens the tendency to straini on the tube. With a little practice it is usually possible to gauge the dose so that the patient is breathing again three to five minutes after the injection.
If this method of thiopentone plus a muscle relaxant is used it is necessary not to delay in instituting controlled respiration, lest anoxia or CO2 accumulation should develop. The same method works with infants as they tolerate both drugs well. It is preferable to send them to sleep with a little nitrous oxide first, however, as they are sometimes very frightened of a needle. The dosage of thiopentone and Flaxedil necessary for an infant is usually large in proportion to the body-weight.
It is possible to intubate patients under local analgesia; but it is seldom necessary to resort to this.
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Endotracheal tubes: First, kinking of intratracheal tubes is more likely to occur in this than in any other branch of anesthesia as usually the surgeon requires the head to be in an unnatural position. It is often advisable therefore to use some form of armoured tube with a wire spiral incorporated in the wall. Portex tubes are less likely to kink than rubber ones and are very satisfactory for most types of case, except that the walls are rather thick.
Second, the bore of the tube is of great importance. Should the operation be a long one, the resistance to respiration will become increasingly embarrassing with time, and may lead us into that vicious circle to which we have already referred. For this reason, except in special cases, oral tubes are better than nasal ones as they are less limited in size. A No. 10 Magill oral tube can almost always be used without distending the larynx. Third, the length of the tube is impo'Itant, as there may be considerable movement of the head and neck during the positioning of the patient, which may pull the tip of the tube out of the larynx or push it down the right bronchus. The chances of this happening are minimized if, with the head in the normal position, the tip of the tube lies half-way between the larynx and the coryna.
The patient having been intubated, it is still necessary to keep the plane of anesthesia fairly deep until he has been finally settled on the table in the correct position, as the head is bound to be moved about while this is being done. As soon as possible the patient should be tilted with the head up and feet down, to give the maximum time for any venous congestion to disperse from the head.
Once the scalp flaps have been cut and the patient has settled down, the anesthesia can be gradually reduced and eventually 50 : 50 N20 : 02, with occasional small doses of thiopentone and perhaps minimal trichlorethylene, is all that is required to produce a state which is almost physiological sleep. This, however, is insufficient for work on the trigeminal ganglion, or round the base of the briain or the falx, as all these structures are sensitive to painful stimuli. III. If the Dura has to be Opened When the Intracranial Pressure is High, Damage May Result
There is a danger of strangulation of the cortex, a knuckle of which may be extruded. If the incision is not rapidly enlarged, it may be strangulated. This is very serious in an evocative area. Should the pressure below the tentorium be high and should there be a block in the aqueduct of Sylvius, an upward coning may occur when the supratentorial pressure is suddenly lowered by an opening of the dura or by a tapping of the ventricles. The converse of this, downward coning, may also occur if the posterior fossa is opened when the supratentorial pressure is high, particularly if the patient is in the sitting position. In any case it is very desirable to lower the intracranial pressure before opening the dura, as it makes everything very much safer and easier. This may be done by tapping the ventricles, but if for some reason this is not desirable or possible, other means must be sought.
In a known high pressure case the hexamethonium compounds can be used with advantage from the commencement of the operation. The effect of these hexamethonium drugs on the C.S.F. pressure depends to a large extent upon the lesion. Obviously, where there is a large solid tumour near the surface, with no block, the effect will be less than when the disturbance is associated with increased vascularity or internal hydrocephalus. By lowering the arterial pressure considerably, the rate of C.S.F. secretion by the choroid is greatly reduced, and there is also a shrinkage of the vascular network of the brain. The advantages of this method are very marked in the removal ofhsemangiomata or other very vascular tumours, since the blood loss is cut down to a fraction of what it might otherwise be. Many previously inoperable tumours are now removable under such a technique.
Posture plays a vital part in this matter, for the C6 compounds relax the musculature of the veins as well as that of the arterioles; venous congestion may actually be made worse if the drug is given when the patient is not in a position which allows gravity to drain the blood out of the veins at the site of the operation. C6 may actually increase the bleeding in operations on the spinal cord when the patient is face down on the table, as pressure from the abdomen is transmitted via the lumbar veins to the peridural venous plexus which then becomes very engorged. If C6 is to be used in this position the patient must be supported above the table on sausage-shaped cushions. With the proper use of the hexamethonium compounds, many cases of intracranial hypertension may be so improved that the C.S.F. pressure is atmospheric by the time the dura is to be opened. As the pressure is lowered the administration becomes easier because the respiratory disturbances due to the condition are also lessened. A method personally found to be most satisfactory is the use of a fairly large dose of C6, about 100 mg., at the beginning of the operation. This aims at complete ganglionic block. The fall in blood pressure is then regulated by adjustment of posture. It should be possible to do this without disturbing the surgeon; most of the adjustments can be carried out before the operation begins. The level of blood pressure to be aimed at can only be decided from experience and from assessment of the individual merits of the case. Since this technique was tried, as it has been recently, for operations on most cases of cerebral tumour and in almost all conditions where the intracranial tension was likely to be raised, the operative approach has been very much easier. An index of this is that we find that it is necessary to transfuse only about one craniotomy in twelve instead of each and every one, whilst the'operating time has been much reduced, with consequent advantage to both surgeon and patient. We have used it in just over 50 craniotomies; after-effects on the kidneys, the brain and the cardiovascular system have been carefully looked for but no such complication has arisen for which we can lay the blame on C6. It is avoided in cases of subdural humatoma of obvious cardiovascular disease, but it can be used with care in patients up to the age of 65. We have also used it twice for patients operated on in the sitting position, but here great care must be taken to guard against air embolism and against sudden vasomotor collapse. It was only used in these two cases because the intracranial tension was so high as to make it dangerous to open the dura unless the pressure was reduced. So far, it seems quite clear that the advantages to the patient of using hypotensive drugs in neurosurgical anesthesia more than outweigh the disadvantages; they should never be used lightly, or as a routine, but kept for those cases where their use is definitely indicated. One must be constantly on the look-out for signs of cerebral ischkemia or anoxia, such as changes in the blood pressure or the respiration, particularly in the depth of respiration.
It is debatable what one should do about the blood pressure before the dura is closed. We find the most generally satisfactory method is to restore the blood pressure to a fairly reasonable figure, probably subnormal, but adequate to maintain an effective cerebral circulation. This pressure should not be allowed to be exceeded for several hours after the end of the operation as intracranial hemorrhage might occur at the operation site.
At all times during the use of hexamethonium compounds strict attention must be paid to adequate oxygenation. 50%, or even more, of oxygen may be necessary in the inspired gases, for if the circulation rate is reduced steps must be taken to ensure that the oxygen transport of the blood is sufficient for tissue needs. Even the small amount of oxygen which is dissolved in the plasma may be important in this respect. IV. Danger of Trauma to the Vital Centres The danger signals mentioned by Dr. Hunter indicate that some vital centre is being affected. This may happen in any operation near the mid-brain or the medulla or even in one remote from these regions should the lesion be a large tumour. The signs to be watched for are changes in systolic and diastolic blood pressure and in the pulse and respiration rates. It is obvious, therefore, that when such critical manipulations are going on, it is essential to do nothing with the anesthetic which may by itself produce like changes, or it will be impossible to tell whether such changes are due to the anesthesia or to surgical manipulation. Should they be due to the latter cause, instant warning must be given to the operator. It is essential, therefore, to keep the anaesthetic on an even keel using an agent that can be given continuously, rather than one requiring intermittent administration.
V. The Possibility of Intracranial Hemorrhage
By the time the operation has reached this stage N20, 02 and trilene, which can be given at a constant rate for one or two hours, will usually be quite satisfactory. If it is not sufficient a trace of chloroform is a great help. None of these agents by itself is likely to produce any sudden change; whereas intravenous thiopentone or pethidine may do so. It is better to discontinue any trilene or chloroform about an hour before the end of the operation, in order to have the patient as light as possible at the finish. The patient is then watched carefully for several hours, the serial readings of blood pressure, pulse and respiration rate being continued for a day. Whilst there is a steady emergence from anesthesia, there is little cause for alarm, but should progress be checked or consciousness start to recede, it may be necessary to reopen the flap, re-explore the operation site, and excavate any clot which may have formed.
